GO/ N WA S HEMATESBNENSE L
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn January 25, 2014, 30(1): 119-128

DOI: 10.13345/j.cjb.130389 ©2014 Chin J Biotech, All rights reserved

T Egea &S M

—AE R AL S =S 56

B, T BREL BEEL XK

1 RERHE R, KE 300457
2 HE B GERE T A E AR, RE 300308

A, WA, WY, 5 — AN G E LRSS S TiEE. A TSR, 2014, 30(1): 119-128.
Zhen J, Hu Z, Li SF, et al. Structure and function of a novel thermostable pullulanase. Chin J Biotech, 2014, 30(1): 119—128.

B OB WALELEBOAN TEE LB N GE S, TRES LA ETZEEZNEL, KEKBFH
M R L AR RRT B RIFT — AT R E L 28 A B LM 18-11, £ 16S rDNA A 5| £ % ¥4t &
M, HZ B A REGF AT E Anoxybacillus B A, AN L& KIF T W -EE LB %A R, 48k 55 C
-60 C. pH5.6-6.4 ¢95e B A ELA R K RAEM, L, ZMLABIFHAZ LM, £ 60 CTLAM48h,
BT AR S0%VA L9 1 S A F AT Z B Vi A7 K 25 4 750 U/mg #= 1.47 mg/mL, £ B &7 S #K4RE +
WE ARG REE LB, B AR ZBEATT RS MO, BRI T AL o- B Rk P A 44
M, BN BB —ANRFHRORME LI, REMROBEFRHTE DR S HH A EIR, Vi F Ky,

2RI 324 Ulmg #o 1.95 mg/mL. IO, 4354 % 2860 M B 5 A6 % IATE . 4 P43 B3 T 0441 T
Lo A WK T AR, BIBEETIA 42 UmL, MM EH, REEHRG 404200 L, R AR
TG L EA R0 B AT R

X L& 28, BRI AT, MREM, FREE

&ij

Structure and function of a novel thermostable pullulanase

Jie Zhen*?", Zheng HU%, Shufang Li?, Jianyong Xu?, and Hui Song?

1 Tianjin University of Science & Technology, Tianjin 300457, China
2 Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China
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breakdown of foreign monopoly. A thermophilic bacteria LM 18-11 producing thermostable pullulanase was isolated from
Lunma hot springs of Yunnan province. It was identified as Anoxybacillus sp. by 16S rDNA phylogenetic analysis.
Full-length pullulanase gene was cloned from Anoxybacillus sp. LM18-11. The optimum temperature of the pullulanase was
between 55 and 60 °C with a half-life as long as 48 h at 60 °C; and its optimum pH was between 5.6 and 6.4. V,,, and K, of
the pullulanase was measured as 750 U/mg and 1.47 mg/mL, which is the highest specific activity reported so far. The
pullulanase crystals structure showed a typical a-amylase family structure. The N-terminal has a special substrate binding
domain. Activity and substrate binding were decreased when the domain was deleted, the V,,,, and K, were 324 U/mg and
1.95 mg/mL, respectively. The pullulanase was highly heterologous expressed in Bacillus subtilis by P43 promoter. The
extracellular enzyme activity was 42 U/mL, which increased more than 40 times compared to the initial strain. This

pullulanase has good application prospects.

Keywords: pullulanase, enzyme kinetics, crystal structure, heterologous expression
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& SCHETERY (Amylopectin),  EL48E UM A HH A 4
Wi I - 1,480 B A Y, 2 AN SR A
MIVENT ; SCEEVER TR A -1, 4-H T8N, i A
4%—5% Y o-1,6-WEHHE . Tl JE Ry dilf A= ™
TR et SR TR, &l o-TE K
(o-Amylase) 7K, 11 MK it AR, X —
TR RN 451 pH 6.0, HRJE 95 'C—105 C.
WAL 7 A IR RO B S R B- E R
(B-Amylase) . HZHIEN T (Glucoamylase)
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Thermus 555 % (1L):1g HAMK, 1g B%
£y, 100 mg 4 = 2R, 60 mg CaSO42H,0,
100 mg Mg,S047H,0, 8 mg NaCl, 100 mg
KNOs;, 700 mg NaNOs, 140 mg Na,HPO,4-2H,0,
0.47 mg FeCl;-:6H,0, 2.2 mg MnSO4-H,0, 0.5 mg
ZnS0O47H,0, 0.5 mg H3BO;_ 25 pg CuSO4-5H,0,
25 pg NaMoO,42H,0, 46 ng CoCl,-6H,0, 1.5%
BiIEH, pH 7.8, & 2L FRIE (1 L):
5 ¢ \EM, 1 g EERM, 0.7 g NaNOs, 0.1 g
Na,HPO,, 0.2 g MgS0O,47H,0, 0.1S g CaCl,, 5 g
&2, 15% BE K . &% B
(300mL): 1gl,, 2gKI, %M LB 5535ILH Hl
Z WL SCHR[5]

112 MERAHRIEF

S i I3 69 2% AR BR A PE N DI . T4 DNA
EVERG . Taq BS54 H Thermo Fisher 23],
W H NEB A ], SFPTAER . EE 22
IPTG S54 ML 70 F Sigma A+, 85T
4life ] HisTrap #E0 H GE A, 51 hdt &
I PRI R By A7 FR 2 W 5 il o HE DI 4 DNA 4
R HE R AP0 & H TaKaRa 23] o
12 A*E
121 EEZWTERKTHE
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PCR 4 3 1 4K 38 4 2 il 5 R 4 A 381 T Ar
pET32a [ EcoR V -Xho I i &, E 4 k% b K
kT BL21(DE3), #4414 5] ODggp ik
0.6-0.8 B, AL 0.05 mmol/L i) IPTG #f
T955, 16 16 C TR 16 h, BLOWUERIK,
ARFE IR . Pk i 4 B H 4 HisTrap #:4lifk,
SDS-PAGE Hill 3 . N1 sl 2k fr) 565 2= il Bk
iy kgl f 5 2k A L
1.2.4 FEHBERH% R X-ray {14t

8 mg/mL B A (25 mmol/L Tris-HCI,
150 mmol/L NaCl, pH 7.5) £t — 24 ik K
S, RATE 7% PEGS8000, 10% £ [
1 10% 4-2 O FEWRE R (pH 7.5) &4 F, &
TR 48 h RIS B 22 B fL A, IR 1T T Xeray
s e mA-EY 7)) ZEYRaE X-ray
AT S22 FIR 03, 10 mmol/L 4 2F = 8% (&
ZEDUBE) S5EA MR 3 h 5 EE Xoray {74
Bl SIRZE R MR A2 IR PyMOL 4K 4
(http://www.pymol.org/).
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Table 1 Primers used for this work

Primer name Primer sequence (5'-3")

P1 AGRGTTTGATCMTGGCTCAG

P2 GGGCGGWGTGTACAAGGC

P3 AGAAGCGGTGGATCCTTAT

P4 CATTTCCAACTCCTGTTCC

P5 CCCCCAAAACAACAGTCGTTTG

P6 TCACTCGAGTTATCAACATTGAATTA
ATACCCACGC

P7 AAAGCGTTTGATGATTTGTATGCA

P8 TCACTCGAGCCCCCAAAACAACAG
TCGTTTG

P9 TCACTGCAGTTATCAACATTGAATTA
ATACCCACGC

2 HREAH

21 MALEZMEKNIBRERE
FHERE SR R E 2 R b X iR R
WE IR E , SRS TIbS 25925357 . R4
98°16.442, % 60 CH5F= Loy BIRTS 4 PRATK i
SRR PR, PRk I — A B A 20K
R TERE LM 18-11 #7315 . %
BRBGZEMRAFE 4] DNA, 4 i 16S rDNA 471
5149 P1 F1 P2, #EfT PCR N, § 44755 — 42
1.4 kb ) DNA B, Xfi% PCR “¥ifT 1751
%€ (GenBank Accession No. JF272543), £ %5
X R AT (K1), BEE NI
ZERUFF TR R R , 4 HoAf 44 o Anoxybacillus sp. LM
18-11 [] I Xof SRR i 7 3 6 =2 WEA T 1 23
XK ARG B0 = 04T T HPLC 434,
S5 NI K i 2 W Y A A
B (8 2), X—Z5RUESHRE R | AR 22

22 L eliRuERNRERERD
HE B RRIE
WL 7E GenBank ¥EFEPK R, KHTE
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Anoxybacillus J&, B GFH B TC A 28 IUFT T
Anoxybacillus flavithermus WK1 B 52 T 2%EH
ZHM P (GenBank Accession No. CP000922), 3
IR 2H 1 B il s Anoxybacillus flavithermus
WK1 Zifih—A> T BRI 2l , 5L PR AR pl i
ZOH"Aflv_0438", FRAE T HUEE 2 B ST X EF T
Anoxybacillus kamchatkensis (AF510985)
Anoxybacillus sp. DRO1 (EU621359)

Anoxybacillus gonensis A4 (AY248707)
Anoxybacillus sp. DR04 (EU621362)

Anoxybacillus sp. DR02 (EU621360)

LM14-2
Anoxybacillus sp. D433a (FJ430041)

- Anoxybacillus gonensis CT1 (EF600583)

- Anoxybacillus gonensis BT2.1 (GQ265903)
“ILM18-11

" Anoxybacillus kualawohkensis KW 12 (DQ401072)
™ Anoxybacillus tunisiense A06 (AM902721.2)

Anoxybacillus flavithermus B (CP000922)

Anoxybacillus mongoliensis T4 (EF654664)
Anoxybacillus pushchinoensis AT-2 (AY248707)
LM18-6
Anoxybacillus sp. PGDN13 (F1527830)

L1
0.01

1 E# LM18-11 B9 16S rDNA R ikt

Fig. 1  Phylogenetic tree of 16S rRNA of the
LM18-11.
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Fig. 2 HPLC analysis of catalytic products of PulA. (A)
The HPLC spectrum of the standards. The peaks of G1,
G2 and G3 represent glucose, maltose, respectively. (B)
The HPLC spectrum of the pullulan after hydrolysis.
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IR LEXT 40 HT, [RIRF S BRI T3, A s 14 P3 Al
P4, Ll Anoxybacillus sp. LM 18-11 Z£[X2H DNA &
B, #47 PCR [y, #48753]—1> 0.6 kb 1Y
DNA FBt, JExhizh Bots Ty 4. Lhizh
BORSERt, RAEFALBHEA, RAY 1153
A5 — A SERE B EHE ) P51 1Y DNA R Bt (GenBank
Accession No. HQ844266), Z#riw xH i 140-
2 263 bp FguiGIX, Hufh—"1H 707 NEERA
BEET, 5 Aflv_0438 —Flkiks 84%, H
PEIK 91%, ZHERBAr 4R pulA, G PS
1 P6, PCR AT R (Y HE R G bih X, 2231
J5 . A B S R KUK pET32a 1Y
EcoRV-Xho I v f%, 41 i R0 5% 1k K g A B
BL21(DE3), ik iE#iivieib+, & IPTG 5K
ik, SDS-PAGE 43#r (&l 3), TESEZIER pulA 3545
TIESMFRD, MBS 18 23 U/mL, FIH5]
Y1 P6 Fil P7 4 HEIRAF MY N1 il (193865 22 il 5
RN 46 A2 Fok pET32a i EcoR V -Xho |
B, ERMFFRET S T AR RIL

kDa M 1 2

120

100
< PulA

80

65

3 EEZEPUAIBERIEST
Fig. 3 SDS-PAGE analysis of PulA. M: marker; 1:
before induction; 2: after induction.

23 ELE&ZHEF PulA HIESZ RO
pulA B RIAFT B IR Hyid ) HisTrap #:44
b i AL 2B N il G iR L 48 SDS-PAGE
R, ARAFAEETE 95% U L BB (1 PulA,
TR TG 3T
231 EEZH PuUA SRERMIBE . HiE&E pH W
53 ¥

424 g PulA Vs pH 50T 23 12
JE PulA TE—RING K (LTR- LRSI
(0.1 mol/L, pH 4.0-5.5); MRS —4N-fie — 24
ZE (0.1 mol/L, pH 5.5-7.5); Tris-$hHR%% ik
(0.1 mol/L, pH 7.5-9.0) ', JEELE 55 CHRYZM:
TR SR (D 4), iR Es,
£ 241 PulA S pH o 6.0, 7E pH 5.6-6.4 1Y
L, B SITE 90%LA b Fead SO i ]
JESEAE pH 6.0 Y51, Ml —RINREEEFET
PIREACTE R, BT RN, I SR S T
55-60 C (K 5)
2.3.2 & XEF PulA IEESH % B

£ 60 'C. pH 6.0 YT, MLl 0.1 pg
W 22 PulA 75— R & 2R E(1.0. 1.25,

120
100 ./'\\
sl N
60 J \

,,/
40+ / \

201 / \

Relative activity (%)
T
/

. . . \a .
0
8

B4 pHXEEZES PulA E RIS
Fig. 4 Relative activity of PulA at different pH.
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Fig. 5 Relative activity of PulA at different
temperature.
351
1/V=19.642/[S] + 13.334 "
0L R=0.9983 /
e
- ]
. 25 . =
= o
20t v
"
15+
lO 1 1 1 1 1 I ]
0 0.2 0.4 0.6 0.8 1.0 1.2
1/[8]

6 LTEZfE PulA BB E &
Fig. 6 Lineweaver—Burk plot of PulA.

1.33, 2.0, 2.5, 3.33 il 5.0 mg/mL) 514 RO
WAL R, 22 1/V-1/[SIRUESuZE (B 6),
K R 22 [ PulA 1 Vipax A1 Kiy
4351 750 U/mg F1 1.47 mg/mL .,
233 EE&2LE PulA MR EH ST
F-E5 24 il PulA 43508 F 55 °C .60 'C .65 C
T EREAFMEEE, BUE 0.1 pg 6 [
PulA 7€ pH 6.0, 60 CAF T I R ARG o 45
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IR PulA BT RIFMEEEME, Zid 60 CT
PLLBE 48 h, AHRTREE 50%LL_ERYTETE (7).
234 SRBET. FEEFEXNEE 2 PulA
ip=A10|

FE SR IMAAR TR BT GRF,
SE B BIRIE o 255 R Mg® X 54 22 i PulA 7%
P —EREHEER, LiT. K, Ca®", Ba®". —Hf
SIEEE (DTT) S5EXHMHE A 3550 ; Mn®" Ni**
H1 Fe £ 22 i PulA A9FEME; 1 mmol/L Cu®
A PulA AT PESEAIHS; EDTA WfE—E R
3 PulA B9IERE, R0 50 mmol/L Ca® '8 Mg**
AR AR L TR (3R 2)0
24 EEZMRAKKIRER X-ray 94

ali Ak J5 103 22 B 7E 7% PEGS000, 10% 2,
T B%, 10% HEPES (pH 7.5) By R34 T 5
K (K 8A), J4 X-ray T84, -~ YE
£2 SRET LFAAZHEE G PuA M

Table 2 Effect of metal ions and reagents on PulA
activity

Concentration  Relative activity

Reagent (mol/L) (%)
Li 5 104
K* 5 105
Ca®* 5 106
Mgt 5 125
Mn?* 2 70
Ba®" 5 105
Ni* 2 55
cu* 1 0
Fe** 2 27
DTT 2 108
EDTA-Na, 5 61
aEﬂTé\ﬁimmol/L 50 36
aErll?iT]C[ g52 Inmol/ L 50 85
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G RSB R AR R A, PRIk E|
2.2 A (B 8B). iR ZE 3BT WoR iR A 4 4
ERO VAN VSR o N N LR R A AT R B
(A domain) HATHEF K 13 S0 rh B %) 1
fe bt iE R EE A I AT 412 6 KA E R (422
PLAA Z RN 526 N HYRA R S EE
FHOCH LR 5 C i B — > S LS5 F Bl K %
YE R 45 #9348, (C domain), PCR B2k SE56 % B
AR S B DI RE M 78 2 R IEN
Uit AT — D ISL 45 G 8 (N1 domain), 5 R
2554 %, NI g5 BEe sk T

PulA-N1 A 520 301 127 53 BT 7R Vinax T Ko
3914 324 U/mg #1 1.95 mg/mL (KIB%), X —4%
A S 45 G Sl B 2 ] S B I ) R 2
A TR IRAG ; N2 Z5F 30T A g5 e i Fa e L
AEBEMEA, N2 BUR 5 R E N E AP R
A, L5 SDS-PAGE il AN 3w i 1
[vi] A DU S BTG 4 o A, TR A AL
Wt s B — Ca® A X, 5 Ca¥ E®
Zh 4 JEDTA 2 A SCR R Ca™ 1y EBRXHZ 1Y
AL 1A B R (3 2), (ABSNEI

Ca” ML BB I EME, fE 65 CT, a2
PulA 2E W 2 h #2535 12 h, &9 Ca*
A RETE B ZE M Fa e v B R AR .

25 LEZMERNAMEFHTFRFHRIE
Fik

FIFHG14) P8 1 PO, 4 1S 44K (17 65 > il ik
pulA, £ Xho I -Pst I EVIJ5, i A2 [H
FEREUIRY BOR pBE9SOB £ i -, HE4H Ok
pUlA {7 T 2F M AT B 1B 58 )5 2 7 P43 1 T Ui .

120 .
0 —=—55C
——60 C
100 650
S
z 80
Z
3 60
=
=
S 40t
[}
e~
20+
O Il L 1 " 1 n J
20 40 60 80

t(h)

Bl7 LEZEPulAMRBEMS
Fig. 7 Thermostability of PulA.

El8 HEZHEPulAMEK (A) REBER-ZEF=HESYNEH (B)
Fig. 8 Crystal of PulA (A) and overall structure of PulA-maltotetraose complex (B). The secondary structural elements
of PulA was shown and each domain was indicated: N1 (blue), N2 (green), A (cyan for a-helix, purple for B-strand), and

C (yellow), CTT represent maltotriose.
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ORI AT DHS0, SR ER R4k
TIa, SRHCGEATTR, AR AT WB600,
§:A4LT WB600(pBE980B-pulA){E LB 1537 4Erh
P HiFE 24 h, BIEWABEHTG L] 42 U/mL  (pH
6.0. 60°C), HILLJFIRE TR Anoxybacillus sp. LM
18-11 (1.02 U/mL), Fikaftm T 40 f5LL I,
3 i

H Eted 70 SRR, I ) Tl 2 i
— AT, E A R IR B
HALHTT, VERIK R REEAE R o — R mE IR,
Jo H & AR B A A AR IR TT & 1 %, 3E
By OB A O B R L JFORE TR K A A O
MBI B R E R gRi s, ARA R
MTER K2 R HEVEN , HP&H 4%-5%1
o-1,6-B TV, 4R S TE A UK ARAE T, d e
BRI, BEARA A, e, A%
E 25 B & 2. BT, 58 2/
AR R BRI YRS A RE AL, TR E N
22 A FEAAA

UTSBAE | e 2 il GBI 5 A 3 AR P A T
ORI e 7 6 =2 T TR R 19 O 2 S
DR e e 5 22k 0200 AR gy TR 1 2 W e A
SR M O 3 AR AT — R PG 22 AR T
Anoxybacillus sp. LM 18-11, M HFefe AT
i R 22 WA A L R, JE X HLAE R A Tl
HEAT T B, PR RIS 2R A
B A3, eiE =ik 750 U/mg, J& HAT
O A 38 LT i g 2 it Ho
I AE(E A 22 il Promozyme 200 L 14 L% N
350 U/mg!™, [ 70 A2 2 56 2 2 MRS RF ZE AT B
W ST R 22 i PulB Al PulC 8% K L% 2
W1k 435 U/mg Fil 400 U/mg "5, S iRZ5 #4317
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(285 L B K BRAE %Y N A — IR &
B, RGN TIREE EE AR . R
W HA RAFIAFREE, £ 60 CH&MFT b3
48 h, JIATPREE 50% LA 36 7, REAR G Y38 R
MM T T 2ZMHTRE, i, AT
il 1 FUEE P, R AIRZE P A, ELESCE
Ak, FRATTRI A B 2F AT TR AR S R IE R4
30 2 il A T PR A ) 3 T AR T
HENTHMMERS, MAM W RIE LR T
42 U/mL, JEGRTEMRAFRIA RS T 40 £5 0
L, R . RIS IETE
PEA . [EIEE, FEANEN A IARZE . B -
VERE T i py 2wl b, s EE T
HEAAE T2, RRAE B — 2D 4R R I Y AR T
eAbiE Oy, TR . WIS AEREME (2 Reas AT
HuTH R VERIN T . RV . ST AR 2T
TR 752K o AR A i 78 T 3 2 il ARl 1
HAg SR T, AR A [ 3207 U BT 8 i A
ey, RAEENEN, B0 E KR

LT A

Bt A X REHANRHFEHAFRRE
T A BRI IBEFRT R HARAF 3] AF
TR ARG EAEEE MR Xray HIBIKE. 4
MM T 09 8
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